Mammals have 3 types of sex: chromosomal, gonadal, and phenotypic sex. Normal sexual development progresses in sequential steps. Sex development is processed through a series of steps under genetic and hormonal control. Abnormal differentiation of the gonads and/or internal and external genitalia often cause disorders of sexual development (DSD) \[[@B1][@B2]\]. Animals with DSD are classified as disorders of chromosomal, gonadal or phenotypical sex. For instance, true hermaphroditism is known as one of the "disorders of chromosomal sex," which don\'t have either XY or XX chromosome. "Disorders of gonadal sex" have normal sex chromosome, but the gonadal sex does not correspond with the chromosomal sex ("sex-reversed") \[[@B3][@B4]\]. Pseudohermaphroditism is a disorder of "phenotypical sex development" with only one type of gonadal tissue, either ovaries or testes, but the opposite phenotype \[[@B5]\]. Male psudeohermaphroditism (MPH) is a DSD where both gonads are testes, but the internal genital tract or external genitalia are incompletely masculinized \[[@B6]\]. Phenotypic masculinization is regulated by hormones from embryonic testes \[[@B7]\]. Abnormalities associated with these hormones can lead to MPH by affecting the Müllerian and Wolffian ducts at the embryonic stage. Clitoral abnormalities in dogs are typically related to DSD \[[@B5]\]. Limited reports of DSD with os clitoris have been reported, including MPH in large \[[@B8]\] or mixed breeds \[[@B9]\], or FPH \[[@B10]\]. Here, to our knowledge, we report for the first time case of MPH accompanied by os clitoris in Bichon Frise and describe 2 case of MPH with os clitoris in small dog breed (American Cocker Spaniel).

Two American Cocker Spaniel dogs and one Bichon Frise dog were referred to the veterinary teaching hospital with a history of vulvar licking. All dogs were 5--7 months old, and weighed less than 10 kg. On physical examination, inspection of the external genitalia revealed the presence of an enlarged clitoris projecting out from the vulva in all 3 cases with vulvar exudates in cases 1 and 2. Palpation of the vulva revealed a hard bony material in the clitoris in all cases. A fissure was present dorsally above the clitoris in case 1. Urethral opening was not observed in cases 2 and 3 during the inspection of the vagina with a colposcope. All patient information obtained at presentation is summarized in [Table 1](#T1){ref-type="table"}.

When a bony structure is detected in ambiguous external genitalia during palpation, diagnostic imaging techniques can help diagnose MPH. In one study, the presence of os clitoris could be apparently made on radiographic evaluation only, when any information of the gonadal tissue was not provided \[[@B11]\]. To date, there have been no reports that have conclusively proved the presence of os clitoris with MPH on radiographic evaluation. Considering these points, we conducted a thorough examination not only by radiography but also ultrasonographic examination. Radiographic imaging showed bone density in the enlarged clitoris in all 3 cases ([Fig. 1](#F1){ref-type="fig"}). On abdominal ultrasonography, the uterine structure was evident in case 3, but ambiguous in cases 1 and 2. Case 1 had an incomplete uterine structure without uterine horn while case 2 did not present the overall uterine structure during evaluation. Hypoechoic oval-shape structures were detected around the bladder area in all cases.

Blood samples were collected into ethylenediaminetetraacetic acid and heparin containing tubes for screening tests, such as complete blood cell count and serum biochemistry analysis. All screening hematological examination results acquired from the 3 cases were within the normal reference ranges.

Laparotomy under general anesthesia was performed for surgical removal of the gonads, internal genitalia and os clitoris. The dogs were positioned in a dorsal recumbent position and the surgical regions were clipped and prepared aseptically. Before laparotomy, 0.9% normal saline was administered and maintained throughout the surgery. Prophylactic antibiotics: cefazolin (Cefazolin Inj; Chong Keun Dang, Korea) 22 mg/kg intravenously was administered. After premedication with glycopyrrolate (SEDAJECT; Samu Median, Korea) 0.005 mg/kg subcutaneous in cases 2 and 3, anesthetic induction was performed by injecting tiletamine and zolazepam (Zoletil; Virbac Animal Health, France) 0.05 mg/kg intramuscular with xylazine (Rompun; Bayer Korea Ltd, Korea) 1 mg/kg intramuscular. Anesthesia was maintained with isoflurane (Ifran; Hana Pharm, Korea) and oxygen was delivered through an endotracheal tube. During the laparotomy, dissection of the gonads and the tubular structure connected with them was performed in the dorsal recumbent position. Subsequently, episiotomy was conducted after repositioning the dog in the ventral recumbent position. Postoperatively, 7.5% povidone-iodine ointment was applied on the external genitalia along with injection of tramadol (Toranzin; Samsung Pharmaceutical, Korea) 4 mg/kg subcutaneous. After recovery, the dogs were discharged with a prescription for amoxicillin clavulanic acid (Amocra; Kuhnil, Korea) 12.5 mg/kg by mouth, prednisone (Solondo; Yuhan, Korea) 0.5 mg/kg by mouth and liver protectants twice a day for 7 days by mouth.

During the laparotomy, abdominal exploration for diagnosis was carried out simultaneously. The gonads of both sides were located around the bladder and notably, their gonads looked like testicles with intact epididymis on the left in all cases. Complete female internal genitalia were revealed, including uterine horns, body, and cervix; however, their structure was ambiguous. Two structures which were attached to the gonadal structures could be found lateral to the uterine horns. Ligamental structures similar to testis gubernaculum were also confirmed in cases 2 and 3. Although limited to only individual cases, there were some remarkable structures including vessels analogous to the middle uterine artery in case 2 and pampiniform plexus in case 3. After the laparotomy, episiotomy was performed and the os clitoris could be obtained.

Histologic examination of gonads revealed the evident presence of testes which mainly consisted of testis with fully developed epididymis in all cases ([Fig. 2](#F2){ref-type="fig"}). The testis was composed of inactive seminiferous tubules. The epididymal ducts were lined by pseudostratified columnar epithelium. In addition, the bony structure in the clitoral part was also examined histologically. The bone material stained homogeneously and included osteocytes, but there was no trace of osteoclasts or hematopoietic cells, despite a form of primitive bone marrow formation. Specially, in case 2, histopathologic evaluation of the uterine-like structure revealed both remnants of Wolffian and Müllerian ducts ([Fig. 2](#F2){ref-type="fig"}).

At postoperative follow-up, the owners reported resolution of associated clinical signs in all 3 dogs, such as licking or vulvar exudates. Along with good compliance of medication, no surgical complications had been reported for any dog at the time of writing this paper. Unfortunately, the karyotype analysis through polymerase chain reaction was not performed, due to cost burden of owners. If the analysis was performed, the mechanism of karyotype can be explained in these cases.

Persistent Müllerian duct syndrome (PMDS), a rare type of MPH, is a known autosomal recessive inherited abnormality in the Miniature Schnauzer. This term is used for male dogs presenting with testes with female internal genitalia like oviduct, uterus, and cranial vagina, in which the Müllerian duct has failed to regress \[[@B12]\]. The regression of the Müllerian duct is controlled by Müllerian-inhibiting factor (MIF), which is secreted by Sertoli cells in the testes \[[@B13]\]. In this study, ambiguous female genital tract was found in all 3 cases. The presence of this structure can be attributable to the defect of regression of the Müllerian ducts due to a partial deficiency of MIF, caused by functionally inactive testes. In addition to the rarity of PMDS and none of the present dogs being a Miniature Schnauzer, very unique structures of the uterus were revealed in case 2: in the surrounding area of the uterine tube, remnants of both, the Müllerian and Wolffian, ducts were found histologically.

All our MPH cases presented with an os clitoris. According to a case report on clitoral hypertrophy, formation of the os clitoris was induced by the effects of methyltestosterone \[[@B14]\]. his means androgenic hormones, whether inherent or acquired, could affect osteogenesis in the clitoris. MPH with os clitoris could occur due to partial, but sufficient secretion of androgens in the fetus. Androgen hormone levels should not be too high to lead to MPH and simultaneously not be too low, in order to form a bony structure in the clitoris. In this regard, the concurrence of MPH and os clitoris could be very rare. In fact, only limited cases of MPH with os clitoris have been reported in dogs \[[@B8][@B9]\].

Few studies regarding the correlation of MPH with specific dog breeds are extant. Only Miniature Schnauzers have been reported to inherit MPH as an autosomal recessive trait \[[@B2]\]. In this report, American Cocker Spaniels and Bichon Frise presented with MPH. Some previous reports of MPH in American Cocker Spaniels have been published; however, none has described the presence of os clitoris \[[@B15]\]. Moreover, this is the first paper reporting of a Bichon Frise with MPH. These cases are even rarer with respect to PMDS. Especially, coexistence of Wolffian and Müllerian ducts in case 2 as reproductive structures associated with MPH has never reported before.
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![Radiographic findings of clitoris in 3 cases. Plain radiography revealed a clearly identifiable structure with obvious bone density (arrows) in the enlarged clitoris of all 3 cases. All images were obtained by positioning in the dorsal recumbent position in (A) case 1, (B) case 2, and (C) case 3.](jvs-20-e59-g001){#F1}

![Histological result of gonads and reproductive tracts in 3 cases. The testicles were composed of seminiferous ducts which were lined by only spermatogonia (arrows heads) and interstitial cells (arrows) in case 1 (A) and case 3 (C). There was not any evidence of spermatogenesis. Uterine-like structure with remnants of both the mesonephric duct and the paramesonephric duct was found exclusively in case 2 (B).](jvs-20-e59-g002){#F2}

###### Signalment and characteristics of the 3 cases on physical examination

![](jvs-20-e59-i001)

  Characteristics    Case 1                                        Case 2                    Case 3
  ------------------ --------------------------------------------- ------------------------- --------------
  Breeds             American Cocker Spaniel                       American Cocker Spaniel   Bichon Frise
  Age (mo)           7                                             5                         5
  Weight (kg)        9.9                                           5.8                       3.9
  Gross appearance   Enlarged clitoris protruding from the vulva                             
  Palpation          Hard bony material palpated in the clitoris                             
  Discharge          Exudate with pus                              No exudate                No exudate
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